INTRODUCTION
tute in soilless growing media for containerized nursery and crop production (Evans and Stamps, 1996; Handreck, 1992 Handreck, , 1993 Mak and Yeh, 2001; Meerow, 1994 Meerow, , 1995 Noguera et al., 1997 Noguera et al., , 2000 Offord et al., 1998; Evans, 1997, 1999) . Waste-grade coir may be finally sieved to remove fiber parts and the remaining product is used as the coir peat. Then bricks or bails are prepared after drying and compressing this coco peat (Evans and Stamps, 1996; Evans et al., 1996; Konduru et al., 1999) . Although Sri Lanka is a leading manufacturer and an exporter of plant growing substrates derived from coco peat, their availability for local horticultural industries is very limited. A good plant growing substrate must be able to provide water, nutrients and oxygen for the plants as well as a
MATERIALS AND METHOD
A series of experiments were carried out at the site of Cocopel Lanka (Pvt) Ltd at Kuttigala, Embilipitiya from November 2009 to December 2012. Some chemical and physical properties of coco peat were analyzed at the substation of soil and plant nutrition division of TRI (Tea Research Institute) at Walahanduwa, Galle Sri Lanka.
Six to nine months old coco pith was used. Coco pith was first sieved by a rotary sieve (8 x 8 mm square) to separate short fiber. The sieved coco pith was placed in a soaking tank to reduce excess sodium and potassium in coco peat. Calcium nitrate (Ca (NO 3 ) 2 ) super soluble grade was used for buffering coco peat (4 kg per cubic meter of coco peat). After 4-5 times of washings, samples were checked for EC (Electrical conductivity) (using EC/pH meter Hanna HI 991003). If EC was less than 0 mS/ cm (Negative) the bulk of coco pith were taken out from the tank and was laid on the floor (cement yard) and dried up to 16-20 % moisture content. Then coco pith was separated in to three categories according to their particle size by using a set of sieves i.e. Fine particle (≤ 0.5 mm), medium size particles (0.5 mm < medium ≤ 3 mm) and coarse particle (< 4 mm).
Slicing cucumber (Var. Lissome Shallow), bell pepper (Var. Red star), tomato (Var. Ruby) and cabbage (Var. Oxylus) were used as greenhouse vegetables for this experiment. All these varieties were F1 hybrids. Seeds of each of the 41 good physical support. Therefore, the physical and chemical analyses of these substrates have been a matter of concern throughout the world over the last decade (Kang et al., 2004) . Miller and Jones, (1995) stated that, the purpose of a potting media is to satisfy the needs for good seedling growth within the limited space of a container and to prepare it for successful transplanting into the field. In order to allow a rapid growth of seedlings, a healthy, fibrous root system is necessary and the growing media is the foremost factor determining it. The particle size of the materials utilized in growing media should be within an appropriate range to provide all suitable conditions to seedlings as small volumes of substrate per plant is used. The growing media should have various favourable characters such as light-weight. good porosity, well-drained but with optimum water holding capacity, slightly acidic with optimum cation-exchange-capacity, constant volume when wet or dry, lack of insects, diseases and weed seeds, low content of silt, clay and ash, easy storage for long periods of time without changes in physical and chemical properties and easy handling and blending (Miller and Jones,1995) . When raising seedlings in soilless cultivation systems, consistency of physical, chemical and biological properties are essential to produce vigorous healthy seedlings. Therefore, the aim of this study was to select the most suitable particle size range of coco peat as a nursery substrate to produce greenhouse tomato, bell pepper, cucumber and cabbage seedlings. Means represented by the same letter are not significantly different at α ≤ 0.05 variety was grown in a media consists of each of the three different particle sizes of coco peat.
HKMS KUMARASINGHE AND ET AL: EFFECT OF COCO PEAT PARTICLE SIZE ON NURSERY PLANTS
Prior to seeding, the bulk density, air filled porosity, water holding capacity (using modified methods of De Boodt et al, 1972 , 1974 , cation exchange capacity (CEC) (using Ammonium sulfate saturation method), electrical conductivity (EC) and pH (using EC/pH meter Hanna HI 991003) were measured in coco peat separated into each particle size. Then the coco peat was placed on nursery trays and wetted. Complete randomized design (CRD) with five replicates was used for this experiment. The seeds were sown in each replicate and covered with black polythene to control the light penetration. Watering was done daily up to germination. Two days after germination, fertilizer application schedule was started. Albert's solutions were used as fertilizer and a stock solution (2 kg/25 l of water, then EC is 60mS/cm and 5.8 pH) was prepared. A working solution was prepared from the stock solution (400 ml of stock solution in 10 l of water) and the EC and pH values of that solution were adjusted to 1.8 mS/cm and 5.8 respectively. The working solution was applied to seedlings according to the schedule (within 5 days), starting from 1:5 water dilutions to 1:1 dilutions, to adapt the seedling to the working solution. Five days after seed sowing, germination percentage was recorded and other growth parameters such as seedling height and number of leaves per seedling were recorded at end of the nursery period (17 days after germination of tomato and 21 days after seed germination of other crops).
RESULTS AND DISCUSSION
According to the analysis of variance, a significant (p ≤ 0.05) variation was observed in germination percentages of tomato, bell pepper, cucumber and cabbage seeds grown in different particle sizes (fine, medium and coarse particles) of coco peat at 5, 9 and 7 days after seed sowing. Significantly higher germination percentages of tomato and bell pepper seed (95%, 88% respectively) ( Table  1) were observed in medium sized particle media when compared to the fine and coarse particles. However, a significantly higher germination percentage of cabbage (94%) was recorded in the fine particle media (Table 1 ). The number of leaves per seedling of tomato, bell pepper and cucumber were significantly (p ≤ 0.05) differ among the three different particle sizes of coco peat, where, a significantly higher number of leaves per seedling (7.2 in tomato and 6.1 in bell pepper) were observed in medium sized particle media. However, a significantly higher mean number of leaves per seedling of cucumber was observed in fine and medium particle size coco peat compared to coarse particles. On the other hand, the number of leaves/seedling of cabbage was not significantly different among the particle sizes of coco peat (Table 2) . Significant (p ≤ 0.05) differences were not observed in the height of tomato seedlings which were grown in three different particle size of coco peat up to 11 days after germination. However, of the data taken at 14 days and 17 days after germination, significant differences were observed among seedling heights of different coco peat particle sizes.
The maximum seedling heights of 14.8 cm and 17.2 cm were observed in medium size particle media (sieve size 0.5 mm -3 mm) at 14 and 17 days after germination respectively compared to the fine and coarse particle sizes. The height of the seedlings which were grown in fine and coarse particles displayed similar height changes during the nursery period of tomato ( Figure 1a, Figure 2 ).
Furthermore, the particle sizes of the coco peat significantly influenced on seedling height of bell pepper from 18 days to 25 days during the nursery period. Similar to tomato, significantly higher mean seedling heights (13.82 cm at 18 days and 20.26 cm at 25 days) were recorded in medium size particles, 18 and 25 days after seed sowing. The lowest seedling heights were observed in fine and coarse particle medium at 18 and 25 days in the bell pepper nursery (Figure 1b, Figure 3 ).
The different particle sizes of coco peat had a significant (p ≤ 0.05) impact on seedling height of cucumber at 14 and 21 days after seed sowing. The seedlings in medium size particles had significantly (p ≤ 0.05) higher mean heights (8.19 cm at 14 days and 14.3 cm at 21days) at 14 and 21 days after seed sowing. Statistically similar and lower mean seedling heights were recorded in fine and coarse particles containing media compared to medium size particles at 14 and 21 days after seed sowing ( Figure 1c , Figure 2 ).
Results revealed that the seedling height of the cabbage was also significantly affected by the particle size of coco peat during the nursery period. At the early stages of growth (11days after seed sowing), there was no significant difference on mean seedling heights. However, 18 and 25 days after seed sowing, significantly (p ≤ 0.05) higher seedling heights (5.3 cm at 18 days and 8.0 cm at 25 days) were observed in medium particle media followed by fine particle media (5.0 cm at 18 days and 7.5 cm at 25 days) and coarse (4.9 cm at 18 days and 7.1 cm at 25 days) particle media at 18 and 25 days after seed sowing respectively (Figure 1d , Figure 3) . The results revealed that the all tested crops had shown higher germination percentages in the medium size particle media. When consider the physical properties of medium particles of coco peat (Table 3) , it had moderate bulk density (108.29 g/l) compared to the fine (164.3 g/l) and coarse (53.82 g/l) particles. Handreck (1993) reported the nursery media that contains coarse particles create more macro pores and retain low moisture amount and high air content, and thus the available amount of water for seed germination is less in coarse particle media, it may be the reason for lower germination percentages of tomato, bell pepper and cucumber in coarse media. The seeds of cabbage were comparatively small and take relatively short time period for germination, so it showed higher germination percentage in fine and medium sized coco peat media.
Other growth performances such as number of leaves/seedling and seedling height of all crops (tomato, bell pepper, cucumber and cabbage) were higher in medium size particle media with compared to fine and coarse media, because the medium sized media maintains moderate bulk density (108.29 g/l) and moderate water holding capacity (550 ml/l), good air filled porosity (25 %) and best pH 6.1. Biernbaum (2001) reported that 15 -25 % air, 40 -60 % water and 5 -7 pH conditions in organic media are the best for vegetable seedling production. Also, Handreck (1993) reported that, when the bulk densities of substrates increase, the pore spaces for air is reduced and as a result, the media retains higher moisture content and low O 2 for root growth. Meerow (1995) reported that under low O 2 content in the rooting media, nutrient absorption by the root system is low. Also significantly higher EC and CEC was observed in fine particle media, when increase the EC, soluble salt content in the media is increases (Evans et.al., 1996) . It makes the stress on vegetative growth of seedlings; this effect might be the reason for lower number of leaves per seedling and low seedling height in fine particle media. Also in opposite way, coarse particles contain lowest bulk density hence it maintains more spores for air and low water and contains low CEC (Table 3) , which suppress the growth performances such as no leaves/seedling and seedling height. 
CONCLUSION
It is evident from the results that the coco peat medium with particle size 0.5 mm -3.0 mm is the best among the three tested particle sizes to obtain higher germination percentages of tomato, bell pepper, slicing cucumber and cabbage. At the same time, the highest seedling growth performances of these crops can be obtained using same particle size medium during the nursery period of 3 weeks.
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